Functional measurement was utilized to study the acoustic cues that contribute to the perception of the voicing difference in/zi/and/si/.
INTRODUCTION
One of the most apparent dimensions along which consonants are divided is voicing. In English, the stops, frieatives, and affricates can be grouped into cogna•te For word-final consonants, the duration of the vowel preceding the consonant is an important cue. Increases in vowel duration increase the likelihood of judging the consonant as voiced (Denes, 1955; Raphael, 1972) . Subjects tended to identify the syllable as/hi/with decreases in the starting value of F 0. Similar results were found when the speech sounds were bandpass filtered to reduce the amount of energy in the region of Ft. This result argued that the results were not due to the relative energy in the region of F t . When the stimuli were bandpass filtered around 3000 Hz, however, the utilization of F 0 as a voicing cue was disrupted. This finding was interpreted to mean that the perceived pitch of F 0 is based predominantly on energy in the high frequencies (cf. Plomp, 1967; Wightman and Green, 1974 A third advantage of the factorial experiment is that it increases the number of stimuli used in the experiment. With just a few stimuli, listeners are able to remember exactly what stimuli they have heard before and how they categorized them (Massaro, 1975b) . In this case a subject might attempt to be consistent in his categorizations and categorize a stimulus to agree with his memory for his previous categorization of that stimulus. In addition, if relatively ambiguous stimuli are varied along just one dimension, subjects might notice this and then selectively attend to the relevant dimension rather than to the speech sound as a whole. This strategy makes the experimental situation more artificial than necessary.
By increasing the number of acoustic dimensions that are varied and the total number of stimuli in the experiment, the experimenter approaches the normal everyday speech classification situation of many stimuli containing a number of acoustic cues.
The functional measurement approach also allows employment of responses other than binary judgments. 4
Although it is generally assumed (e.g., Chomsky and Halle, 1968, p. 5) that the speaker-hearer can distinguish the degree to which a given phonetic feature is present in a sound, binary judgments may not be sensitive to the changes in perception produced by variations in the acoustic signal. Consider the case in which increasing the VOT on a/gi/-/ki/continuum from 10 to 25 msec makes the perception of the sound more/ki/-like; 
Sub/ects
The subjects were five undergraduates from the University of Wisconsin who served to fulfill an introductory psychology course requirement. 
C. Discussion
The results support the hypothesis that F 0 can influence the perception of voicing in a fricative-vowel syllable. In this experiment both the F 0 contour and the final level of F 0 during the vowel differed across the three F 0 contours. Accordingly, either or both of'these properties may be responsible for influencing the perception of voicing. The next experiment varies F 0 contour while holding the terminal value of F 0 constant. The experiment asks whether F 0 contour is sufficient for. influencing voicing when the F 0 value during the vowel nucleus does not change.
II. EXPERIMENT II
A. Method
Sub/ects
The subjects were six volunteers from an introductory psychology course. 
III. EXPERIMENTIll
$ub/ects
The subjects were three undergraduates who volunteered to serve for extra credit in an introductory psychology course.
Procedure
Eighteen stimuli were synthesized.
They differed along three dimensions' VOT, starting F 0 value, and 
IV. EXPERIMENT IV
I. Sab/ects
The subjects were three undergraduates recruited from an introductory psychology course.
Procedure
The stimuli used in Experiment IV were the same as those used in Experiment III except that larger changes in F 0 contour were used. The values of the starting and terminal F0 values are summarized in Table III . All procedural details were identical to those in Experiment III except that only the last three sessions of the experiment could be analyzed.
B. Results
The average judgments in Experiment IV are displayed in Fig. 6(b) . Although Z responses tended to In order to conclude that F0 contour has no perceptual significance, it is necessary to initiate the contour near the beginning of vocal cord vibration.
Lehiste and Peterson (1961) report that voiceless fricatives have a falling F 0 contour whereas voiced fricatives have a rising F 0 contour. If the direction of F 0 is used in the perception of voicing, it must override any opposing effect that the contour will have on the perceived starting frequency of F 0. That is to say, a rising contour at the onset of voicing will tend to make the sound more voiceless because of the higher effective starting F 0 value but will simultaneously make the sound more voiced if a rising F 0 contour is an acoustic cue to a voiced sound. Experiment V evaluates the relative contribution of starting F 0 frequency and contour when the contour begins as soon as frication intensity decreases. In Experiment VI, the F 0 contour begins at the onset of vocal cord vibration.
V. EXPERIMENT V
$ub/ects
The subjects were five students who participated for extra credit in an introductory psychology course.
Procedure
The stimuli were the same as in Experiment IV except that the F0 contour began just as the intensity of frication began to drop (VOT = 110 msec) and lasted 70 msec. The starting and terminal values of F0 were equal to those in Experiment IV (cf. Table III 
Subjects
Six students in an introductory psychology course participated for extra credit.
Procedure
The speech sounds were identical to those used in Experiment V except that the F 0 contour began at the onset of voicing and lasted 50 msec. The starting and terminal F 0 values are given in Table III . The procedure also replicated Experiment III.
B. Results
The average results for the six subjects are shown in Fig. 7(b) . The starting frequency of F 0 had a large effect on the judgments, F(2, 10) = 22.2, p < 0.001, whereas the effect of F 0 contour was not significant, The results of Experiments V and VI show that the starting frequency carries significantly more weight in the perception of voicing than does an F0 contour beginning at. the decrease of frication intensity or at the onset of vocal cord vibration.
There was a small but significant F0 contour effect when both vocal cord vibration and F 0 contour began at the first decrease in frication intensity.
A rising contour made the sound more Z-like and the falling contour made the sound more C-like relative to the no contour condition. This result supports In those studies, the duration of frication of an initial fricative was equal to our measure of VOT 
Klatt's (personal communication) description of this acoustic cue to voicing of prestressed syllable initial fricatives. The fact that F• contour has its effect at only the VaT of 110 msec indicates that the contour cue is contingent on a value of VaT that is more appropriate for C than for Z. Even in this condition

